INTRODUCTION
Productivity indexes in the production of commercial eggs are affected by hen social hierarchy, and when hens are housed in high densities, aggression and cannibalism may occur, as reported by Araújo et al. (2005) . Aggression is perhaps one of the most severe animal welfare problems and may cause significant economic losses due to cannibalism and high mortality rates (Rocha et al., 2008) .
According to Carruthers et al. (2012) and Damme & Urselmans (2013) , beak trimming is the most efficient method to control cannibalism and lesions caused by to aggressive pecking and feather plucking. Beak trimming may also allow less selectivity of the diet ingredients by the birds and reduce feed waste, resulting in better feed conversion ratio and lower egg production loss due to pecking (Prescott & Bonser, 2004) . However, conventional beak trimming using hot blade (HB) has raised public animal welfare concerns. Despite the performance benefits mentioned above, conventional beak trimming using hot blade (HB) has raised public animal welfare concerns, as this method causes beak tissue damage, with inflammation and sensitivity, eRBCA-2019-0618 causing pain upon contact with the house equipment and feed (Fahey et al., 2007; Dennis et al., 2009) .
Beak Trimming by Infrared Radiation of Layers
In this context, the scientific community has researched less aggressive beak-trimming methods as alternatives to the HB, such as natural wear of the beak tip and the use infrared radiation (IR). This method is based on exposure of the corneous tissue of tip of the beak to infrared light, promoting the gradual softening and erosion of the treated area in the beak, and consequently, providing time for the bird to adapt to changes in beak size and shape. In addition, IR beak trimming does not cause open wounds or hemorrhages as opposed to the HB method (Marchant-Forde et al., 2008; Angevaare et al., 2012) .
The objective of this study was to evaluate the effects of beak trimming using infrared radiation (IR) or hot blade (HB) on the performance and egg quality of Lohmann LSL White layers between 17 and 67 weeks of age.
MATERIALS AND METHODS

Location
The experiment was conducted at the experimental facilities of the Poultry Sector of the School of Veterinary Medicine and Animal Science, Universidade Estadual Paulista (UNESP), Botucatu campus (22º 51 'S latitude, 48º 26' W longitude, and 786m altitude), SP, Brazil.
All procedures were approved by the Ethics Committee on the Use of Animals in Experiments (Protocol n. 236/ 2012).
Experimental design
A total number of 576 Lohmann LSL White ® layers were evaluated from 17 to 67 weeks of age.
These layers derived from a previous experiment, in which they were submitted at hatch to a randomized design in a (2x3) + 2 factorial arrangement. The treatments consisted of beak-trimming by IR radiation, maintaining 3±0.4 mm (moderate) or 2±0.4 mm (severe) of the beak length, three IR radiation intensities (low: 42 nm, intermediate: 46 nm, or high: 52 nm) and two control treatments, consisting of moderate (4.2±0.2beak length) or severe (1.8±0.2 mm beak length) conventional beak trimming by hot blade at six days of age.
Treatments T1, T2 and T3 corresponded to moderate beak-trimming at IR intensities of 42, 46 and 52 nm, treatments T4, T5 and T6to severe beak-trimming with IR intensity using IR intensities of 42, 46 and 52 nm, and treatments T7 and T8 corresponded to moderate and severe HB beak trimming at six days of age with the same treatments after weaning up to 11 weeks. At 11 weeks of age, 50% of the birds of each treatment were submitted to a second severe beak trimming (4±0.4 mm beak length) using the same method and IR intensities (Table 1) .
During the growing phase (six to 16 weeks age), an experimental design in a 2 x 3 x 2 + 4 factorial arrangement was applied, consisting of two beak trimmings by IR radiation (moderate and severe); three IR intensities (low: 42 nm, intermediate: 46 nm, or high: 52 nm); submitted or not to a second beak trimming; Treatments Without SBT  T1  T2  T3  T4  T5  T6  T7  T8  Treatments With SBT  T9  T10  T11  T12  T13  T14  T15 T16 *IR radiation, maintaining 3±0.4 mm (moderate) and 2±0.4 mm (severe) of the beak length. The three IR intensities were low (42 nm), intermediate (46 nm) and high (52 nm). **Two controls submitted to conventional beak trimming by hot blade at 6 days of age, moderate and severe, maintaining 4.2±0.2 and 1.8±0.2 mm of the beak length.
SBT: 50 % of the birds in each treatment were submitted to a second beak trimming at 11 weeks old. and four additional treatments: conventional HB beak trimming at 6 days of age, moderate or severe, submitted or not to beak trimming at 11 weeks of age. Therefore, the number of treatments doubled, from eight to 16, until layers were 67 weeks old (production).
IR beak trimming treatments were applied at hatch in the hatchery using a Poultry Service Processor (PSP), supplied with interface plates 25 23 -1 or 27 23 -1 mm in length and height, which define beak trimming intensity (moderate or severe). Trimmer Lyon® 50 60 -1 Hertz and 70-210 watts was employed for HB conventional beak trimming, with precise cuttings, with standard blade surfaces controlling moderate and severe trimmings.
Production phase (17 -67 weeks)
At 17 weeks of age, 576 pullets submitted to the treatments described above were selected for the evaluation of performance and egg quality parameters during the production phase. They were divided into 10 treatments with six replicates of six birds each, totaling 96 experimental units.
Experimental management and parameters evaluated
Layers were housed in 50-cm long x 45cm deep x 45-cm high cages, arranged in two rows separated by a service aisle. Six hens were housed in each experimental unit at a density of 375cm 2 hen -1
. Trough drinkers and feeders were located in front of the cages.
Feeds and management applied during the entire experimental period were based on the handbook published by Lohmann do Brasil ® (2011). The following performance and egg quality parameters were measured: body weight (g) and weight uniformity (%); beak length (mm) and uniformity (%); absence of cannibalism rate (%); livability (%); egg production (%); feed intake (g); feed conversion ratio per egg mass; egg mass (g); egg specific gravity; eggshell breaking strength (kgf); Haugh units (HU); yolk (%).Average treatment results were weekly evaluated during the 17-67 week period, except for BW and BW uniformity, which were evaluated every two weeks from18 weeks of age.
Cannibalism was defined as birds presenting tears in the skin and adjacent tissues as a result of pecking by other birds. Absence of cannibalism rate was calculated as the total number of birds per treatment minus the number of cannibalized individuals and expressed as a percentage relative to the total number of birds per treatment.
Body weight and BW uniformity were determined during the production phase. Body weight uniformity, and beak length and uniformity were measured in two replicates/treatment. Birds were individually weighed on a digital scale. Beak length was measured from the nostril using a digital caliper (0-150 mm at 0.01-mm precision).
Body weight uniformity was determined as a function of average body weight, calculated as the sum of the BW of all birds divided by the total number of birds in each treatment. Upper and lower limits were calculated by adding or subtracting 10% from the average BW, respectively. The number of birds within the upper and lower limits were counted, and expressed as a percentage of the total number of birds in each treatment.
Beak length (mm) was measured from the nostril, as proposed by Kuenzel (2007) , at 3, 6, 10, 13, 17, 20 , 34 days of age, 10 weeks of age, after the second beak trimming, and at 16 weeks of age, using a digital caliper (Mitotoyo 0-150mm, 0.01-mm accuracy). In the treatments using IR radiation, the number of days between beak trimming and beak detachment beak was recorded.
Egg production percentage was calculated by dividing the average number of eggs produced per bird weekly by the average number of birds multiplied by seven, and the result was multiplied by 100.
Average egg weight was calculated at total weekly egg weight by weekly egg number and the result expressed in grams.
Egg mass was obtained by multiplying average egg weight by egg production percentage, and dividing the result by 100. Egg mass is expressed in grams of eggs per bird per day.
The feed conversion ratio per egg mass was calculated by dividing total feed intake (kg) per replicate by total weight (kg) of the eggs laid during the same period.
Eggshell quality and internal egg contents were evaluated every 28 days. Two eggs per cage (12 eggs/ treatment) were collected for three consecutive days for analyses.
Eggshell strength was evaluated using a specific cell coupled to a Texture Analyser TA. XT with a 2-mm stainless Cylprobe, code P 2 , to determine eggshell breaking strength, in kgf.
Data were submitted to analysis of variance (ANOVA) using SAEG (Analysis System of Statistics and Genetics, 9.1). When the F-test yielded significant results (p<0.05), means were compared by the test of Tukey. Additional comparisons of means between beak-trimming intensity (moderate and severe) in IR and HB treatments were applied after the factorial solution. Percentage data were transformed into [(x + 0.5) ^ 0.5] to reduce data heterogeneity in further analyses. Table 2 shows beak length and uniformity, absence of cannibalism and livability results. No effects of IR intensity (p>0.05) on any of these parameters were detected.
RESULTS AND DISCUSSION
There was an interaction (p=0.00) in IR treatment between moderate and severe beak-trimming intensity and second beak trimming at 11 weeks of Santos GC, Vieira Filho JA, Silva AP, Moreira J, Rabello CB, Garcia RG
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eRBCA-2019-0618 age for beak length measured at 11 weeks of age. The interaction revealed that layers submitted to severe IR beak trimming only once (T12, T13, T14) had longer beaks than those submitted to moderate IR and to a second beak trimming (T9, T10, T11) from one day to six weeks of age. A similar behavior was determined for HB, where longer beaks were measured in birds submitted to severe HB beak trimming (T12; T13; T14) once than in those submitted to moderate HB beak trimming (T9; T10; T11) twice-trimmed birds with severe intensity 11 weeks of age had a greater beak length when submitted to second trimming.
Comparison among treatments of layers submitted to beak trimming once
Body weight uniformity was not influenced (p>0.05) by beak trimming methods or intensities.
When moderate beak trimming was applied, no BW, BW uniformity or beak uniformity differences (p>0.05) between IR or HB were detected. However, moderate beak trimming by IR trimming resulted in shorter beaks and higher absence cannibalism and livability compared with HB trimming. When severe beak trimming was applied, IR-trimmed birds presented longer and higher BW compared to HB-trimmed birds (p<0.05).
When birds were submitted to IR beak trimming, trimming intensity did not influence BW, BW uniformity or beak uniformity. However, moderate IR beaktrimmed birds had longer beaks and higher absence of cannibalism and livability than those severely beaktrimmed (p>0.05).
Comparing HB beak-trimming intensities, no BW, BW uniformity or beak uniformity differences (p>0.05) were detected, but birds submitted to moderate HB beak trimming presented longer beak and lower absence of cannibalism and lower livability when compared with those submitted to severe HB beak trimming.
Comparison among treatments of layers submitted to beak trimming twice
No effects of beak-trimming methods on beak uniformity were detected (p>0.05).
When birds were submitted to moderate beak trimming, IR resulted in lower BW, lower cannibalism rate and higher livability than HB. In the case of severe beak trimming, shorter beaks were determined in IR beak-trimmed birds than those beak-trimmed by HB, but there were no differences were found for the other evaluated parameters.
No BW uniformity, beak uniformity, absence of cannibalism and livability differences were determined when results of moderate and severe IR beak trimming were analyzed. However, moderate IR resulted in shorter beaks and lower beak uniformity compared with severe HB beak trimming, but the other characteristics were not affected by IR and HB treatments.
The comparison between birds submitted to beak trimming once or twice showed that those submitted to beak trimming twice presented lower BW weight and shorter and less uniform beaks, but no differences in BW uniformity, absence of cannibalism rate or livability compared with birds beak-trimmed once.
Comparing the general average of IR and HB treatments, only beak length was affected. Birds beak-trimmed by IR had shorter beaks compared with those trimmed by HB, but this difference did not cause any significant effects on BE, BW uniformity, beak uniformity, absence of cannibalism rate or livability. The results are consistent with those reported by Dennis & Cheng (2012) , who found statistically similar BW in 20-week-old laying hens beak-trimmed by IR and HB. However, several previous studies reported reduced body development and body weight after hot-blade beak trimming (Blokhuis et al., 1987; Glatz & Lunam, 1994; Glatz, 2005) found that birds submitted to laser beak trimming presented higher body weight after 14 days of age in comparison with the use of hot blade. In the present experiment, no weight gain differences were found, although birds beak-trimmed by IR had shorter beaks compared with those trimmed by HB.
In a comparative study between IR and HB beak trimming, Marchant-Forde & Cheng (2010) reported an interaction between beak-trimming treatment and beak regeneration time, with longer beaks in birds treated by HB when compared to IR beak treatment, but that the efficiency of IR beak trimming to inhibit beak regeneration rate is not known. However, Dennis & Cheng (2010) , evaluating laser trimming of layers, found better feed efficiency due beak anatomy after trimming. Laser-trimmed beaks were longer and more symmetrical than hot blade-trimmed beaks, and were less sensitive to pain during feeding, minimizing the negative effects of beak trimming.
Lower absence of cannibalism rate was determined in moderate IR beak-trimmed birds. Rates higher than 8% were obtained when the accumulated period of 1-26 weeks of age was taken into account. According to Gentle & Mckeegan (2007) and Carruthers et al. (2012) beak length is associated with aggressive behavior levels and, although severe beak trimming may affect bird performance and welfare, mild beak trimming allows fast beak regeneration and is less efficient in the prevention of cannibalism.
Beak-trimming method may increase stress and impair immune functions and livability (Table 2) , as previously reported by Xie et al. (2013) . The results of the present experiment agree with the findings of Dennis et al. (2009) , who compared IR with HB beak trimming and reported an increase in cannibalism in1-to 30-week-old laying hens beak-trimmed using HB. Petrolli et al. (2017) observed that pullets submitted to laser beak trimming presented higher body weight at all evaluated ages relative to hot-blade beak trimming. Short-beaked birds had a higher body weight than those with long beaks, as reported by Henderson et al. (2009) in broiler breeders, differently from the present experiment, where birds submitted to the second beak trimming showed shorter beak and lower body weight. However, in the study of Henderson et al. (2009) , longer beak length was preserved than in the present study. The short beak length analyzed in the present study, particularly after the second trimming, may have caused higher beak sensitiveness, as reported by Gentle et al. (1997 a, b) and Swayne (2003) , resulting in lower feed intake (Table 3 ) and, consequently, lower body weight.
In the present experiment, layers submitted to both beak-trimming methods applied presented higher BW at 18 weeks of age compared with the recommendations of the management manual (Lohmann do Brasil® 2011), of 1.17 kg body weight. Table 3 shows the results of egg production (%), feed intake (g), average egg weight(g) and feed conversion ratio per eggmass (FCR; gg -1 ). Santos GC, Vieira Filho JA, Silva AP, Moreira J, Rabello CB, Garcia RG
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There was no interaction between the analyzed factors when birds were submitted to IR beak trimming. There was no effect of IR intensities on the evaluated characteristics. However, birds submitted to IR beak trimming twice presented higher feed intake and better feed conversion ratio per eggmass (g g -1 ) than those beak-trimmed by IR once.
Comparison among treatments of layers submitted to beak trimming once
Egg production, average egg weight, and egg mass were not influenced (p>0.05) by beak-trimming method or intensity, as shown in Table 2 .
When moderate beak trimming was applied, IRtrimmed birds presented lower feed intake and better FCR compared with HB-trimmed birds, but no feed intake or FCR differences were detected when birds were submitted to severe IR or HB beak trimming.
Comparison among treatments of layers submitted to beak trimming twice
There was no effect of beak trimming intensity or method on egg production, average egg weight, egg mass, feed intake or FCR (p>0.05) of layers submitted to beak trimming twice.
When comparing the results of layers submitted to beak trimming once or twice, the evaluated treatments did not influence (p>0.05) egg production, average egg weight or egg mass. However, birds beak-trimmed twice presented lower feed intake and better FCR than those trimmed once.
Moderate IR beak trimming resulted lower feed intake compared with moderate HB beak trimming. This FI reduction may be explained by less feed wasting caused by short beaks (Table 1) . Similarly, a shorter beak was observed when severe IR beak trimming was applied twice, resulting in better feed conversion when compared with severe HB beak trimming.
Better FCR was obtained in birds submitted to severe IR beak trimming than in those submitted to moderate IR beak trimming, which may be due to a shorter beak after the second severe beak trimming compared with HB-beak trimmed birds (Table 2) .
During the period between 18 and 67 weeks of age, IR-beak trimmed layers presented 88.40% egg production, 60.60 g average egg weight and 53.57 g eggmass, whereas HB beak trimming resulted in88.35% egg production, 60.40 g average egg weight and 53.37 g egg mass. IR beak trimming promoted numerically superior performance than the conventional HB-beak trimming method and relative to that recommended by the strain manual (Lohmann do Brasil ® , 2011), of 86% egg production, 59.74 g average egg weight, and 53.1 g egg mass from 19 to 67 weeks of age.
Differently from our results (Table 3) , Jongman et al. (2008) did not find any performance differences between layers beak-trimmed once or twice. In the Table 3 -Egg production (%), feed intake (g), average egg weight (g), egg mass (g), feed conversion ratio per egg mass (g g -1
) means of Lohmann LSL laying hens between 17 and 67 weeks old, submitted to moderate or severe beak trimming by IR or HB only at hatch (1x) or at hatch and 11 weeks of age (2x). present study, moderate IR beak trimming resulted in lower feed intake and better feed conversion ratio per egg mass than HB moderate beak trimming.
Results were due to the influence of beak-trimming method on the immune system and, consequently, on layer performance, as reported by Xie et al. (2013) . Evaluating laser and HB beak-trimming methods, Petrolli et al. (2017) stated that, although both methods allow similar oviduct development, the higher body weight of laser-trimmed layers suggest that they may sustain egg production longer than hot blade-trimmed layers. Table 4 shows the results of egg specific gravity (g mL -1
), eggshell strength (kg), Haugh units (%) and yolk (%). None of these parameters were statistically influenced by beak-trimming intensity or method in layers submitted to beak trimming once or twice. There was no effect (p>0.05) of beak trimming intensity or method on the measured albumin (%), eggshell (%), eggshell thickness (%) and eggshell percentage per surface area (%) in layers beak-trimmed once or twice, as shown in Table 5 .
It would be expected that that second beaktrimming by LB could have provided less FSH secretion and less calcium in the shell gland, which improved the low-size eggs and low-quality eggshell reported by Miller & Sunde (1975) ; Emery et al. (1984); and Mahmoud et al. (1996) .
Second severe HB beak-trimming may have increased layers' stress. According to Tuomisto & Mannisto (1985) and Pohle (2009) , egg weight, eggshell thickness and feed conversion ratio are affected by stress, which causes decrease in corticosterone (CORT) and serotonin (5-HT) concentrations. Those authors report that CORT and 5-HT are stress indicators because they directly and indirectly affect the reproductive performance by linking receptors lying in the central nervous system and reproduction organs in humans and animals, including hens.
The neurotransmitter serotonin controls adaptive and cognitive maintenance and emotional processing as a response to stimulation. Serotonin and its main metabolite, 5-hydroxyindoleacetic acid, are employed as stress indicators in several animals, as reported by Steklis et al. (1986) , Raleigh et al. (1991) , and Cubitt et al. (2008) . Previous studies (Lanfumey et al., 2008) showed that CORT regulates 5-HY function and reduce5-HT plasma levels, indicating hyperactivity of the hypothalamus-hypophysis-adrenal axis to different stress responses, according to Bianchi et al. (2002) .
In the present study, layers submitted to IR beaktrimming only at hatch showed higher body weight, lower cannibalism rate, higher livability and feed intake, and better FCR that those beak-trimmed by HB. Higher body weight was obtained in severely IR beak-trimmed layers only at hatch than in those beak-trimmed by HB. This suggests that beak-trimming by IR only at hatch may replace conventional beak-trimming by HB. Layers submitted to beak trimming twice presented lower body weight than those beak-trimmed only hatch, despite showing lower feed intake and better FCR independently of the method. Therefore, a second beak trimming is recommended.
When beak trimming was performed twice, moderate IR caused a decrease in body weight compared with moderate HB; however, it was close to that recommended by the strain handbook. The layers that were IR beak-trimmed once tended to show less cannibalism and higher livability independently of the intensity without SBT. When layers were beak-trimmed twice, moderate IR resulted in lower body weight at 18 weeks of age compared with severe IR, but were close to the body weight recommended in the strain handbook. It should be highlighted that when the second beak trimming was applied, moderate HB method promoted higher egg specific gravity that the severe HB method. When a second beak trimming is applied, the IR method may replace the conventional HB method, or to apply moderate HB.
When IR and HB treatments are contrasted, no effect was detected for egg productions, diet intake, average egg weight, feed conversion and egg mass. And also for egg quality no effect on albumin (%), eggshell (%), eggshell thickness (%) and percentage of eggshell per surface area (%) was registered.
CONCLUSIONS
Infra-red may be employed for beak trimming commercial laying hens because it does not impair production performance and promote similar egg quality that obtained by conventional hot-blade beak-trimming. In addition, moderate infra-red beaktrimming intensity may be applied as it does not result in considerable differences from severe beak trimming either with hot blade or infrared radiation. 
